This article proposes an algorithm for forecasting benchmark prices in the markets  price targets, an example of forecasting the average interest rate of BID on the interbank credit market of Ukraine for operations in the national currency for a period of 1 month. For the calculation, data for October-November 2015 and MayJune 2016 were adopted, since during these periods a sharp and predictable change in this rate was observed. The results of calculations showed that the proposed approach to the forecast of interest rates on the interbank market should be used when forecasting price dynamics in other markets -benchmark prices.
Introduction
Increased competition in markets and dynamic changes in the market conditions of individual market segments necessitate the expansion of a range of pricing methods. Today, market methods dominate (focused on prices of direct competitors and average market prices), whereas cost methods and value methods (oriented to the utility of services for the consumer) are used much less. When pricing market entities often focus on the so-called "markets -benchmark prices", to which they have access and information about the conjuncture on which they have full, so the question of adequate forecasting of the price dynamics on them becomes very relevant.
For financial institutions and banks in the role of markets  benchmark prices are most often the interbank market, bond market, internal capital market of integration associations (financial conglomerates and banking groups): national and foreign; Forex market.
To select the most effective method for forecasting price dynamics on the market  benchmark prices, it is necessary to determine the set of factors that affect it. If factors of interest rate formation in the interbank credit market and factors of general fluctuations in yield on the bond market are predominantly common within the country, then pricing factors in the domestic capital markets of financial conglomerates and internal capital markets of banking groups can often be formed only in these domestic markets, and therefore the corresponding set of factors can vary considerably depending on the period and the particular domestic market.
In periods of economic stability, when the market situation  benchmark prices remains stable, determining the price and calculating the permissible range of its fluctuations is not a problem. However, in the event that the price in the markets  benchmark prices reaches the upper (or lower) permissible limit of price fluctuations, management should decide whether to change the price or keep it at the same level. The corresponding decision should be made on the basis of forecasts of future price fluctuations in the markets  benchmark prices. To solve this problem, statistical methods are used that have proved their adequacy in forecasting macroeconomic indicators.
Our study of a number of models of forecasting macroeconomic series in the framework of the analysis of time series allows us to conclude that it is inexpedient to select models of this class for forecasting price dynamics in the markets-price benchmarks after the price leaves for the permissible limits of its fluctuations, since this class of models forms forecasts on the basis of previous values of the variable. If the variable in the previous periods was relatively stable, and in the last one it suffered significant fluctuations, the time series analysis models in any case will predict the further stability of the variable, leaving it at the same level, as this class of models calculates the forecast values based on the tendency of a number of previous values, and significant fluctuations in the last period will be considered as an accident. Despite this, to solve the task, an approach that considers the factors that cause significant price fluctuations in the markets  benchmark prices  is necessary.
Literature review
Chris Strickland [1] described the different approaches and different models that have been developed to value interest rate-dependent securities, providing a survey of pricing procedures which are based on mathematical models of the term structure. It can be viewed as a reference for the different interest rate models with explicit representations, where they exist, for prices of derivative instruments and an an analysis of their respective advantages and disadvantages.
D. Brigo and F. Mercurio [2] considered the evolution of the methods of pricing for a bank rate from modeling suggested by no-arbitrage discounting to Volatility smile extensions of Forward market-rates models.
A. Blanchard [3] study interest rate models and their accuracy in the pricing of common structured products. He specifically focus on the Hull-White model, which was first established in the article John Hull and Alan White [4] . His goal was to study this model, calibrate it on market prices, and derive prices for the most commonly traded products. In particular, A. Blanchard [3] investigates whether it gives a satisfying description of real financial market prices.
J.Hull and A.White [4] showed that the one-state-variable interest-rate models of Vasicek [5] and Cox, Ingersoll, and Ross [6] can be extended so that they are consistent with both the current term structure of interest rates and either the current volatilities of all spot interest rates or the current volatilities of all forward interest rates. The extended Vasicek model is shown to be very tractable analytically. The authors compared option prices obtained using the extended Vasicek model with those obtained using a number of other models.
John Hull and Alan White [7] compared different approaches to developing arbitrage-free models of the term structure and presented a numerical procedure that can be used to construct a wide range of one-factor models of the short rate that are both Markov and consistent with the initial term structure of interest rates.
The construction is explicit for the lognormal LIBOR and swap "market models", the former following Musiela and Rutkowski [8] . F. Jamshidian [9] are discussed and appropriate practical models suggested for primary examples of LIBOR and swap derivatives.
T. Björk [10] published materials; appendices on measure theory, probability theory, and martingale theory; and a new chapter on the martingale approach to arbitrage theory, which cover the binomial model, a general one period model, stochastic integrals, differential equations, portfolio dynamics, arbitrage pricing, completeness and hedging, parity relations and delta hedging, the martingale approach, incomplete markets, dividends, currency derivatives, barrier options, stochastic optimal control, bonds and interest rates, short rate models, forward rate models, and LIBOR and swap market models.
Methods and data
To form the methodology for forecasting interest rates on the interbank credit market, it is necessary to determine the factors that today have a decisive influence on the price situation on the interbank credit market. The main list of factors for the formation of this type of rates, which is accumulated in theoretical works on this topic, largely coincides with the list of factors shaping the price of banking services. However, after examining the opinions of banking practitioners in Ukraine about fluctuations in interest rates on the interbank credit market during 2015 and the first half of 2016, it was concluded that the factors of the recent fluctuations in the market situation are the balance of funds on correspondent and transit accounts of banks, the Ukrainian hryvnia rate to the US dollar on the interbank foreign exchange market of Ukraine and the volume of government government bonds on the National Bank of Ukraine of domestic state loan.
Given this list of determinants of price fluctuations in the interbank credit market and the goal for achieving which it is necessary to form an approach, namely, forecasting the future behavior of prices in the interbank credit market, the following list of indicators for predicting the interest rate in the interbank credit market during the period t (Y1):
➢ balance of funds on correspondent and transit accounts of banks during the period t-1(X1); ➢ weighted average rate on the interbank foreign exchange market in the period t-1(X2); ➢ volume of domestic government loan bonds, which is owned by banks during the period t-1(X4); ➢ average weighted interest rate on the interbank credit market in the period t-1(X3).
The last indicator was added to the list of factors that need to be included in the model, based on the fact that it demonstrates the dynamics of the development of this market and indicates the weighted average cost of resources in the market, taking into account the corresponding resources of the National Bank of Ukraine. The inclusion of a weighted average interest rate on the interbank credit market makes it possible to predict interest rates in the interbank market based on its latest values, while including in the regression dependence the main factors that can change its level. In addition, as can be seen from the above list of indicators, in order to solve the required task of forecasting interest rates, the value of independent variables for the previous period will be included in the regression dependence, since the formation of interest rates on the interbank market occurs in conditions when the relevant specialists have only the data for the previous business day, since the data for the current day will be generated in the evening or the next business day. As an interest rate of the interbank credit market, the average BID interest rate on the interbank credit market of Ukraine for transactions in the national currency for a period of 1 month was chosen.
The methodology of forecasting interest rates in the interbank credit market is developed as follows:
1) smoothing the data needed to build the model;
2) constructing a model of linear regression dependence based on smoothed data;
3) predicting the future dynamics of independent variables based on one of the methods of smoothing time series; 4) the formation of predictive values of the effective indicator.
So, the first step in solving this task is to smooth out the historical data of the effective and independent variables, which is necessary in order to minimize the influence on the regression dependence of side noise and randomness, which can reduce its quality. However, to solve the problem of smoothing the input data, first of all, it is necessary to fix the problem of choosing the smoothing method, because to date in statistics this direction is represented by a set of methods, each of which under different conditions can have more accurate values. To select the most optimal method for smoothing time series, we performed the smoothing of the data we needed by several methods: smoothing using the Holt method, Fourier smoothing, exponential smoothing, smoothing by the usual moving average method; smoothing by the Spencer method.
Results
During 2015 and the first half of 2016, a sharp increase in the average interest rate of BID on the interbank credit market of Ukraine for operations in the national currency for a period of 1 month occurred 2 times: in October 2015 and May 2016, and therefore to test the effectiveness of the proposed approach to forecasting the interest rate on interbank market, the corresponding two regression models were constructed reflecting the cause-effect relationships of these fluctuations. So in the period from 29.09.2015 to 26.10.2015, the average interest rate of BID on the interbank credit market of Ukraine on operations in the national currency for a period of 1 month increased from 11.5% to 24.0% (see Table 1 in Appendix).
As a result of smoothing the time series of data on the dynamics of the average interest rate of BID on the interbank credit market for resources in the national currency for a period of 1 month and the factors that affect its fluctuations were identified. To determine the optimal method, it is necessary to compare the results of each smoothing with each other (Table 2 in Appendix).
As Table 2 shows among the methods of smoothing time series of interest rate data in the interbank market and factors affecting its fluctuations, the most acceptable is the Spencer's method, which showed the smallest errors and the highest determination coefficient for all variables simultaneously, and therefore it is expedient to construct a linear regression model using the data exactly smoothed by this method.
Investigating the dynamics of the effective and independent variables, it can be seen that during the same period in 2015 and the first half of 2016, the same factors have a different impact on the average interest rate of BID on the interbank credit market of Ukraine for operations in the national currency for a period of 1 month. Starting from the end of the first quarter of 2015 and almost to the end of the year the amount of balances on correspondent and transit accounts of banks showed a gradual downward trend, as a result of which the average interest rate of BID on the interbank credit market of Ukraine for operations in the national currency gradually grew between these indicators. With the beginning of 2016, the amount of balances on correspondent and transit accounts of banks began to decrease sharply, while the average interest rate of BID on the interbank credit market of Ukraine, which had declined after a certain period of time, stopped its decline and stopped at 8-9%, and from the gradual restoration of the balance of funds on correspondent and transit accounts of banks fell to the level of 5%.
However, at the end of the second quarter of 2016 the interest rate under study increased sharply, while the balances of correspondent and transit accounts of banks did not demonstrate the corresponding dynamics, which means that it was possible to conclude that in this period of time the crucial role in interest rate fluctuations in the interbank credit market played another factor. In our opinion, such a factor could be a weighted average rate on the interbank foreign exchange market. This confirms the above hypothesis that the growth of the average interest rate of BID on the interbank credit market of Ukraine on operations in national currency at the end of the second quarter of 2016 is most likely due to the growth of the weighted average rate on the interbank foreign exchange market of Ukraine, which indicates a direct link between them.
Despite the fact that the average interest rate of BID on the interbank credit market of Ukraine for operations in the national currency for a period of 1 month will be the resultant variable in the constructed model, it is advisable to build a linear regression dependence based on the corresponding number of working days. In other words, since usually a month is 4 calendar weeks, corresponding to 20 working days, in our opinion, to determine the linear regression dependence, with the subsequent purpose of building on its basis a forecast on the dynamics of interest rates in the interbank credit market, it is reasonable to take as a basis for calculating the data for the last 20 business days.
In defining the regression dependence, the values of the effective indicator will be taken in the period t, and the independent t-1, since our regression dependence assumes that to determine the interest rate in the interbank market in the current period, it is necessary to focus on the dynamics of its basic drivers in the previous period. The construction and analysis of the linear regression model were performed using MS Excel and the XLSTAT add-in (Figure 1 , see in Appendix).
As the data presented in Figure 1 , three of four factors showed a moderate or strong relationship with the outcome. Of course, the strongest connection with the average interest rate of BID on the interbank credit market of Ukraine for operations in the national currency for a period of 1 month in the period t showed such a factor as the weighted average interest rate on the interbank credit market in the period t-1, is quite expected, since noted above, it is necessary that the the previous values of the weighted average interest rate were starting point of the interest rate forecast in the interbank market. However, it should be noted that the balance of funds on correspondent and transit accounts of banks in the previous period and the weighted average rate on the interbank foreign exchange market of Ukraine in the previous period showed a moderate relationship.
As a result of the analysis, the following linear regression equation was obtained:
where ) ( 1 t Y -the average interest rate of BID on the interbank credit market of Ukraine for operations in the national currency for a period of 1 month in the period t;
-balance on correspondent and transit accounts of banks during the period t-1;
-weighted average rate on the interbank foreign exchange market of Ukraine in the period t-1;
-weighted average interest rate on the interbank credit market in the period t-1;
-the volume of domestic government loan bonds, which is owned by banks during the period t-1.
To assess the statistical significance of the regression equation obtained, it is necessary to study the regression statistics. As shown in Figure 3 , the coefficient of multiple correlation is 0.994, which indicates a very strong connection of the entire set of factors with the resultant sign. In addition, an important indicator from the point of view of forecasting interest rates in the interbank market on the basis of the regression dependence obtained is the value of the mean square error (MSE) equal to 0.126, which is insignificant, and consequently this regression dependence is quite stable within the period under review.
Uncorrected multiple determination coefficient is 0.994 and estimates the proportion of the variation of the effective characteristic as a result of the action of independent variables in the overall variation of the result. In this regression dependence this share is 99.4% and indicates a very high degree of conditionality of the variation of the average interest rate of BID in the interbank credit market by the variation of the factors identified by us.
Corrected multiple determination coefficient specifies the density link , considering the degrees of freedom of the total and residual dispersions. In the regression equation obtained, the adjusted multiple determination coefficient indicates a very high (more than 99%) determination of the result by the indicated drivers.
In addition, the value of the Fisher's F-test, which gives an estimate of the reliability of the regression equation as a whole and the density index for this model, for the regression dependence obtained, is 584.441. This value is much higher than the tabulated value (4.619), and therefore the received regularity is not accidental, but formed under the influence of significant factors, i.e. the statistical significance of the entire equation and the indicator of the density link  the coefficient of determination  are confirmed.
It should be separately noted that although the correlation matrix depicted in Figure 1 shows that not all independent variables have a close relationship with the final variable, but the above tools for constructing the regression model also make it possible to analyze the cases in which one or more independent variables are excluded from the linear regression model, the results of the corresponding calculations allow us to conclude that it is the inclusion of all selected independent variables that makes it possible to obtain the most approximative results of the linear regression ( Figure 2 , see in Appendix).
As shown in Figure 2 , it is possible to investigate the relationship between a set of independent variables and the final variable by means of XLSTAT and see which particular set of factors makes it possible to construct the most accurate regression dependence. Based on the results of such an analysis, we can conclude that the inclusion of all selected factors in the regression dependence gives a high adjusted coefficient of determination and less standard deviation. For example, excluding such an independent variable from the model as a weighted average rate on the interbank foreign exchange market of Ukraine in the previous period raises the standard error by 0.025, and the inclusion of only the weighted average interest rate on the interbank credit market in the previous period and the volume of domestic government bonds owned by banks in the previous period raises the standard error of 0.237.
In addition, Figure 2 allows us to evaluate the standardized coefficients of the linear regression equation obtained. Since the standardized coefficients of linear regression can be compared with each other, it can be concluded that the weak influence on the average interest rate of BID on the interbank credit market of Ukraine on operations in the national currency for a period of 1 month from 29.09.2015 to 26.10.2015 was such a factor as the balance of correspondent and transit accounts of banks in the previous period, and the strong one  the weighted average interest rate in the interbank credit market in the previous period, fully corresponds to the one for resolving which was based on this dependence, namely, forecasting the interest rate on the interbank credit market based on the previous conjuncture of this market, adjusting these values for changes in the main factors that cause fluctuations in this interest rate.
In conclusion, it should be noted that, as the graph shown in Figure 2 , all findings were very close to the actual ones, which further confirms the statement about the reliability of the model, and hence the possibility of forming on its basis predictive values close to real.
Thus, having determined the regression dependence on the basis of which it is possible to construct the interest rate forecast for the nearest periods, the next step is the formation of the forecast of independent variables and the determination based on them of the forecast values. As the results of smoothing showed, some methods allow us to predict the values of independent variables quite accurately, and therefore one of the already used methods of data smoothing can be used as a forecasting tool. As evidenced by the data presented in Table 2 , all methods except the Fourier method showed results very close to the actual ones, and the Spencer's method demonstrated the best results of smoothing, however, in our opinion, this method can not calculate the forecast data quite correctly, since in its calculation it is oriented not only to the past values of the series, but also the future ones, and therefore, to form the predicted values of the independent variables, it is expedient to choose the following method with the best indicators  the moving average with period 5.
Forcasted values of independent variables and the forecast of the average interest rate of BID on operations in the national currency for a period of 1 month calculated on their basis is presented in Table 3 . As Table 3 shows, in general, the projected interest rates of BID allow us to conclude that this price in the market in the forecasted period will balance around 24%, which means that the interest rate is the benchmark for pricing for banking services that takes into account the risks of volatility in the market  the benchmark price will be amount to 21.5%. As evidenced by the data given in Table 3 , this price level fully corresponds to the real fluctuations in the interbank market, and therefore can be adopted as a benchmark for pricing for banking services. Thus, the proposed methodology for forecasting interest rates in the interbank market is effective and can be used in the framework of the proposed approach of using markets  benchmark prices in pricing for banking services.
To exclude the randomness factor in checking the effectiveness of the proposed methodology for forecasting interest rates in the interbank market, this method was also used for the period from 27.04.16 to 29.05.16. The initial data for constructing the linear regression model are given in Table 4 (see in Appendix).
As evidenced by the data given in Table 4 , during the analyzed period the average interest rate of BID on the interbank credit market of Ukraine for operations in the national currency for a period of 1 month kept at the same level of about 5%, and at the end of the month it grew more than twice, and therefore it is necessary to build a forecast of the future dynamics of the target interest rate (Figure 3 , see in Appendix).
The results of the regression analysis presented in Figure 3 show that the coefficients for independent variables for the linear regression equation constructed for the period from 29.04.16 to 31.05.16 differ from those that were constructed for the period from 29.09.2015 to 26. 10.2015 , and this confirms the hypothesis that at different time intervals various factors are the determining factors for the change in interest rates in the interbank market. Separately, it should be noted that the coefficients of correlation of independent variables to the effective ones changed significantly, all of them, except for the weighted average interest rate in the interbank credit market in the previous period, increased significantly, which also indicates that for the period under consideration the influence of the factors included in the dependence for accounting for possible sharp fluctuations in interest rates in the interbank market as a result of changes in the values of their main drivers.
As a result of the analysis, the following linear regression equation was obtained.
As shown by the regression statistics depicted in Figure 5 , this dependence is not random, and this set of independent variables determines the value of the effective variable by 98%. The criterion of the Fisher's Ftest comprises 250.915 and indicates the reliability of the regression equation obtained and the corresponding density index.
Conclusions and discussion
Thus, the proposed approach to forecasting interest rates on the interbank market is effective. To verify this forecast, this forecast was twice tested on actual data, and the corresponding test results showed that it can be used to predict price dynamics in the market-a price benchmark. In our opinion, the proposed approach to forecasting interest rates in benchmark markets needs to be tested not only at possible rates  benchmark prices of the interbank credit market, but also in the bond market, since these two markets are generally available markets  benchmark prices. In order to build the necessary forecasting methodology, it is suggested to choose the average weighted rate of yield for eurobonds of domestic banks in circulation in the bond market as a price guide, since this rate can be chosen as a benchmark for interest rates on long-term deposits in foreign currency. 
